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S U M M A R Y
Background: The diagnosis of periprosthetic knee infections can present a challenge to surgeons,
especially in the case of chronic presentation. Gram stains are regularly performed as part of the
microbiological evaluation of suspected infected total knee arthroplasties. Recently, the utility of this
test in diagnosing infections has been questioned. The purpose of this study was to assess the
effectiveness of Gram stains performed from surgical site samples by comparing their results to the ﬁnal
diagnosis of infection.
Methods: The results of 347 Gram stains performed at a single center at the time of revision total knee
arthroplasty for both septic and aseptic reasons were compared to the ﬁnal diagnosis based on intra-
operative ﬁndings and histological evaluation.
Results: Gram staining demonstrated a low sensitivity of 7% (95% conﬁdence interval 4–12%), a
speciﬁcity of 99% (95% conﬁdence interval 97–100%), and positive and negative predictive values of 92%
and 57%, respectively.
Conclusions: This study conﬁrmed previous ﬁndings of the poor utility of this test for the diagnosis of
periprosthetic knee infections. The authors recommend that Gram staining no longer be performed at
the time of suspected periprosthetic knee arthroplasty infection.
 2011 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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The diagnosis of periprosthetic infection following total knee
arthroplasty remains a challenge for orthopedic surgeons. While
in some cases, patients present with clear symptoms such as a
purulent draining sinus, turbulent ﬂuid on joint aspiration, and
systemic signs of inﬂammation, the majority of infections have a
chronic course with more insidious presentation.1 Some authors
consider evaluation of intra-operative tissue samples for the
presence of polymorphonuclear leukocytes to be an excellent
diagnostic test.2–4 However, this test requires ready access to an
experienced in-house pathologist to evaluate the samples and
report the results to the surgeon in a timely manner, which may
not be available outside of an academic or a large referral center.
Additionally, various authors have reported different criteria for
positive signs of infection on frozen sections, leading to a wide
range of reported sensitivities and speciﬁcities with this modality
and continued debate over its validity.3,5,6 Some authors have
recommended the use of various combinations of serologic tests
of inﬂammation, such as erythrocyte sedimentation rate and* Corresponding author. Tel.: +4108018500; fax: +4108018501.
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aspirated joint ﬂuid for the diagnosis of periprosthetic infec-
tion.7–10 However, debate remains as to what are the optimal
cutoff values as well as the overall reliability of the results in
guiding treatment.11 With no single serological test generally
accepted as conﬁrmatory, the evaluation and diagnosis of
infections in these patients typically relies on a combination of
clinical evaluation, biochemical testing, and microbiological and
histological evaluation of joint aspirates and/or intra-operative
tissue samples.12 Gram staining is among the better known, more
established, and ubiquitously available tests.
The Gram stain test was ﬁrst described more than a century
ago,13 and is well established for identifying and characterizing
more common bacteria, especially in the laboratory research
setting.14 Although more advanced molecular biology techniques
are available, Gram staining remains in use in a number of clinical
and laboratory applications. Several authors have recently
conﬁrmed the usefulness and cost-effectiveness of this test in
diagnosing a number of acute infectious conditions, such as sepsis,
bacterial pneumonia, and bacteriuria, with reported sensitivities
and speciﬁcities over 90%.15–17 Gram staining is commonly
ordered for the diagnosis of periprosthetic infections, likely
because of several desirable characteristics of this test. It is easily
performed by any in-house laboratory technologist, has a rapidses. Published by Elsevier Ltd. All rights reserved.
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has a low cost. However, the utility of this test in diagnosing
periprosthetic infections has been questioned, with recently
reported sensitivities ranging from 0 to 50%.18–21 Despite this
controversy, many institutions including the present authors’,
continue to perform Gram stains on all intra-operative wound
swab samples sent for microbiological analysis.
The purpose of this study was to assess the sensitivity,
speciﬁcity, and positive and negative predictive values of Gram
stains from surgical-site samplings taken at the time of surgery in
patients undergoing revision total knee arthroplasty for both
infectious and aseptic reasons.
2. Methods
A database of procedures performed at a single specialized
center was reviewed to identify all those patients who underwent
a revision total knee arthroplasty procedure and had been followed
for a minimum of 6 months. One hundred and sixty-two knees in
72 men and 89 women who had a mean age of 62 years (range 15–
89 years) were identiﬁed that had undergone revision surgery to
treat a periprosthetic infection between September 2000 and
December 2008. An additional 229 knees in 73 men and 156
women who had a mean age of 62 years (range 36–90 years) were
identiﬁed that were revised over the same time period for aseptic
reasons. Institutional review board approval was granted for the
study of these patients.
Intra-operative wound samples were obtained for microbio-
logical analysis, including Gram staining, in all cases of suspected
periprosthetic infection, or in patients with a recent infection
history. Samples were obtained and analyzed at the time of an
aseptic revision at the operating surgeon’s discretion based on
their intra-operative assessment. In cases where a patient
underwent multiple surgical procedures to treat a periprosthetic
infection, only the Gram stain result from the ﬁrst procedure was
included in our analysis. If patients underwent component re-
implantation following histologically conﬁrmed eradication of
infection, the Gram stain performed at this time was included in
the study. All Gram stains were performed from tissue swabs taken
intra-operatively following exposure of the knee. Between one and
four swabs were taken by the surgeon and passed to the scrub
technician, who then handed the sealed sample container to a
circulating nurse. The samples were transported to the in-house
laboratory where, using an aseptic technique, Gram stains were
prepared and evaluated by trained technicians according to the
institution’s standard protocol. In total, 347 Gram stains were
performed over the study period. One hundred and ﬁfty-six were
performed on samples from patients with a conﬁrmed peripros-
thetic infection, and 191 were performed on samples from patients
with an aseptic joint. No Gram stain result could be found for 11
patients who had a conﬁrmed periprosthetic infection.
The diagnosis of a periprosthetic infection was made using the
criteria reported by Leone and Hanssen,12 with the presence of one
or more of the following conditions considered diagnostic: (1) two
or more positive intra-operative or joint aspirate cultures with the
same organism; (2) histological evidence of an acute inﬂammatory
response seen on examination of frozen sections of intra-operative
samples; (3) gross purulence of the joint space or periprosthetic
bone; or (4) a draining sinus tract that communicates with the joint
space. The absence of all four of the above criteria at the time of
aseptic revision or component re-implantation was considered
conﬁrmatory for the absence of infection. It is the authors’ standard
practice to send intra-operative samples for histological frozen
section analysis in all cases of suspected periprosthetic infection or
recent history of the same. These samples are prepared and
evaluated by a trained and licensed pathologist who is one of themedical staff at the authors’ institution. The presence of 10 or more
polymorphonuclear leukocytes in any single high-power ﬁeld was
considered diagnostic for infection.
2.1. Statistical methods
The results of the included Gram stain(s) for each patient, as
well as the ﬁnal result of the assessment for infection based on the
previously described criteria, were extracted to an Excel spread-
sheet (version 11, Microsoft Corporation, Redmond, WA, USA) for
collation and analysis. The Gram stain results were compared to
the evaluation for periprosthetic infection to determine the
sensitivity, speciﬁcity, and positive and negative predictive values
for the test. The Wilson score method was used to calculate 95%
conﬁdence intervals (95% CI) for the sensitivity and speciﬁcity.22
3. Results
Of the 156 Gram stains performed on samples from infected
patients, there were 11 true-positives and 145 false-negatives. In
contrast, of the 191 stains performed on samples from aseptic
knees, there were 190 true-negatives and one false-positive.
Analysis of the results of Gram staining revealed a sensitivity
and speciﬁcity for detecting periprosthetic total knee arthroplasty
infections of 7% (95% CI 4–12%) and 99% (95% CI of 97–100%),
respectively. The positive and negative predictive values were 92%
and 57%, respectively (see Figure 1).
There was one false-positive Gram stain result performed on a
patient who underwent aseptic revision of the femoral component
polyethylene liner for persistent pain. Microbiological cultures of
an intra-operative wound sample were positive for growth of
bacteria in broth only, and Gram staining was positive. However,
the patient had no intra-operative gross or histological signs of
acute inﬂammation, remained free of any signs of infection, and
underwent no further surgical treatment of the knee until his death
of unrelated causes 2 years following the revision procedure.
4. Discussion
Periprosthetic infection following total knee arthroplasty can
be a devastating complication for patients, surgeons, and hospitals,
frequently requiring multiple costly surgical procedures and
prolonged medical treatment for eradication. Additionally,
patients with suspected periprosthetic infection can present a
dilemma for surgeons, as the diagnosis is frequently uncertain
following clinical evaluation, and even intra-operatively it can
sometimes be difﬁcult to deﬁnitively differentiate between a
chronic infection and an aseptic complication. Efforts continue
towards ﬁnding an affordable, accessible, and reliable test for the
diagnosis of periprosthetic infections. Perhaps because of the long-
standing use of Gram staining in a number of clinical and
laboratory infections, as well as the accessibility and affordability
of this test, many institutions continue to perform Gram stains on
intra-operative wound samples taken from patients suspected of
having a periprosthetic infection. This is despite a number of recent
reports suggesting the inadequacy of this test in diagnosing
periprosthetic infections. This study conﬁrms these previous
reports, demonstrating an extremely poor 7% sensitivity of Gram
staining in identifying periprosthetic infections following total
knee arthroplasty.
We acknowledge several limitations with the present study. No
speciﬁc study protocol was in place prior to the reviewed revision
surgeries and Gram stains were not performed on all patients.
While all but 11 of the patients with a conﬁrmed periprosthetic
infection had Gram stain results available for review, the test was
only performed on a portion of the patients who underwent aseptic
Figure 1. Summarized results of analysis of Gram stain effectiveness in diagnosing periprosthetic infection following total knee arthroplasty.
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institution’s clinical microbiology laboratory and it is possible
that there could be differences in the effectiveness of this test
between centers. Because the samples were transported between
the operating room and the laboratory and were handled by
several individuals before testing, it is possible that one or more
samples were positive as a result of contamination. This is
especially possible in the case of the one false-positive result found
in our study, where Gram staining was positive even in the absence
of any clinical or histological signs of infection. Nevertheless,
despite these limitations, we believe that the sample size in our
study is sufﬁciently large, with an adequate number of both
conﬁrmed septic and aseptic cases, to convincingly demonstrate
the poor effectiveness of Gram staining for the diagnosis of
periprosthetic infections following total knee arthroplasty.
The present study results are similar to the range of sensitivities
for Gram staining at the time of revision total knee arthroplasty
previously reported by other authors, with the exception of
Chimento et al. who found that the test was unable to detect any of
the 21 periprosthetic infections included in their report.18 Similar
to the present study, Della Valle et al. reported a sensitivity of
Gram staining of 14.7% in diagnosing periprosthetic infections in
260 total hip and 153 total knee arthroplasty revision procedures
(speciﬁc values for knee procedures only were not reported).19
More recently, Morgan et al. evaluated the results of Gram staining
in 921 revision knee arthroplasty procedures, of which 247 were
considered true periprosthetic infections.21 They found a sensitiv-
ity of 27%, speciﬁcity of 99.9%, and positive and negative predictive
values of 98.5% and 79%, respectively. It is possible that some of the
variability in the sensitivities reported by various authors can be
attributed to the different criteria used to deﬁne a true infection.
Whereas, the present authors considered the presence of a single
one of the criteria suggested by Leone and Hanssen to be diagnostic
of a periprosthetic infection,12 Morgan et al. required a minimum
of three positive criteria,21 potentially reducing the number of true
infections in their series. In comparison, Banit et al. required a
positive intra-operative culture in their study of the effectiveness
of Gram staining in diagnosing periprosthetic infections following
total knee arthroplasty,23 and found a comparatively high
sensitivity of 44% for the test (sensitivity and positive and negative
predictive values not reported).
Although it might be considered efﬁcacious to perform Gram
stains at the time of revision total knee arthroplasty because theycan be carried out quickly, at a relatively low cost, and with
minimal technical expertise, this test is extremely poor at
diagnosing or conﬁrming periprosthetic infections of the knee.
Based on these and previously reported results, we recommend
that Gram staining no longer be performed at our institution as
part of the microbiological analysis of wound samples taken at the
time of suspected periprosthetic knee arthroplasty infection.
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